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(54) CAPACITY CONTROL STRUCTURE FOR VARIABLE CAPACITY COMPRESSOR OF 
SINGLE SIDE PISTON TYPE 

(57)Abstract: 

PURPOSE: To hinder the discharge capacity from 
increasing above the capacity appropriate for the cooling 
load and prevent producing of frost in an evaporator by 
operating a pressure release control valve in the 
direction of closing a pressure releasing passage in 
association with a drop of the differential pressure 
between he discharge pressure and suction pressure. 
CONSTITUTION: A pressure release control valve 36 to 
make the pressure release control in compliance with 
the differential pressure between the discharge pressure 
and suction pressure is installed in a pressure release 
passage 1b which is to connect a crank chamber 2a with 
the suction pressure region 3a. The valve 36 is operated 
in the direction of closing the pressure release passage 
1b in association with a drop of the differential pressure. 
When the differential pressure sinks, the degree of 
opening of the valve 36 lessens, and the amount of 
outflowing refrigerant from the crank chamber 2a is 
suppressed. There is no risk of widening of the pressure 
drop in the crank chamber 2a due to this suppression of the outflowing amount. Because the 
pressure in the crank chamber does not sink to any larger extent, there is no risk of 
enlargement of the swash plate inclining angle, and no frost will be produced which is likely 
around the ice point. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Section forming of the cylinder bore which connects a crankcase, an inhalatorium, a 
regurgitation room, and these each ** is carried out, On the axis of rotation in housing which 
accommodates a single head piston in a cylinder bore so that a both-way straight-line motion is 
possible, support a cam-plate base material so that a slide is possible, on this cam-plate base 
material, support a cam plate so that tilting is possible, and. In a single-sided piston type variable 
displacement compressor which controls an inclination of a cam plate by a difference which 
coordinated a cam plate with rotating support which adhered to the axis of rotation so that 
tilting was possible, and passed a single head piston of a pressure in a crankcase, and an inlet 
pressure, Capacity control structure of a single-sided piston type variable displacement 
compressor where said pressure-discharge control valve was made to operate in the direction 
which intervenes a pressure-discharge control valve which induces differential pressure of a 
discharge pressure and an inlet pressure, and carries out pressure-discharge control on a 
pressure-discharge passage which connects a crankcase and an inlet-pressure field, and closes 
said pressure-discharge passage with a fall of said differential pressure. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention carries out section forming of the cylinder bore which 
connects a crankcase, an inhalatorium, a regurgitation room, and these each **, On the axis of 
rotation in the housing which accommodates a single head piston in a cylinder bore so that a 
both-way straight-line motion is possible, support a cam-plate base material so that a slide is 
possible, on this cam-plate base material, support a cam plate so that tilting is possible, and. A 
cam plate is coordinated with the rotating support on the axis of rotation so that tilting is 
possible, and it is related with the capacity control structure of the single-sided piston type 
variable displacement compressor which controls the inclination of a cam plate by the difference 
through the single head piston of the pressure in a crankcase, and an inlet pressure. 
[0002] 

[Description of the Prior Art]The discharging volume in this kind of variable displacement 
compressor (for example, refer to JP,62~203980,A) corresponds to the inclination of a cam plate, 
and a cam-plate inclination is influenced by the pressure of a crankcase. Generally, Automatic 
Control Division of the pressure of a crankcase is carried out by the control valve which is 
allocated in a communicating path with a regurgitation room, and induces an inlet pressure. When 
an inlet pressure is high (cooling load is large), the valve opening of a control valve becomes 
small. If a valve opening becomes small, the pressure in a crankcase will decline and a cam-plate 
inclination will become large. That is, discharging volume becomes large. On the contrary, when 
an inlet pressure is low (cooling load is small), a valve opening becomes large, and the pressure 
in a crankcase rises. If the pressure of a crankcase rises, a cam-plate inclination will become 
small and discharging volume will become small. 
[0003] 

[Problem to be solved by the invention]In order that a discharge pressure may not go up, even if 
the valve opening of the control valve is the maximum, there are few amounts of refrigerant 
inflow to a crankcase under the environmental condition of near the freezing point in outside air 
temperature. The crankcase is open for free passage to the inlet-pressure field by the pressure- 
discharge passage, it always escapes to an inhalatorium from a pressure-discharge passage, and 
the refrigerant gas of a crankcase goes to it from it. Although the refrigerant gas of a crankcase 
falls out and goes to an inhalatorium, since there are few amounts of refrigerant inflow to a 
crankcase, the pressure of a crankcase does not rise. Therefore, a cam-plate inclination will 
become large also in the state [ like ] where an inlet pressure is low (there is almost no cooling 
load), and operation of bigger capacity than the capacity according to cooling load will be 
performed. If operation of bigger capacity than the capacity according to cooling load is 
performed, Frost in the evaporator on an external refrigerant circuit will not be avoided. 
[0004]An object of this invention is to prevent Frost who is easy to produce under the 
environment of near the freezing point. 
[0005] 

[Means for solving problem]Therefore, the pressure-discharge control valve which induces the 
differential pressure of a discharge pressure and an inlet pressure, and carries out pressure- 
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discharge control is intervened on the pressure-discharge passage which connects a crankcase 
and an inlet-pressure field, and said pressure-discharge control valve was made to operate in 
this invention in the direction which closes said pressure-discharge passage with the fall of said 
differential pressure. 
[0006] 

[Function]If the differential pressure of a discharge pressure and an inlet pressure becomes 
small, the valve opening of a pressure-discharge control valve will become small, and the amount 
of refrigerant stream appearance from a crankcase will be controlled. The failure of pressure of a 
crankcase does not become large by this flow control. The state where the differential pressure 
of a discharge pressure and an inlet pressure is small corresponds to the environmental 
condition of near the freezing point in outside air temperature. If discharging volume is large 
under such an environmental condition, Frost will occur, but in order that the pressure of a 
crankcase may not decline greatly, a cam-plate inclination does not become large, and Frost is 
not generated. 
[0007] 

[Working example]Hereafter, the 1st embodiment that materialized this invention is described 
based on drawing 1 - drawing 7 . The front housing 2 is joined to the front of solvent of the 
cylinder block 1 which becomes some housing of the whole compressor as shown in drawing 1 . 
Junction immobilization of the rear housing 3 is carried out at the back end of the cylinder block 
1 via the valve plate 4, the valvoplasty plates 5A and 5B, and the retainer formation plate 6. In 
the front housing 2, the deep groove ball bearing component 7 is attached. The rotating support 
8 is supported by the deep groove ball bearing component 7, and the axis of rotation 9 is 
attached firmly to the rotating support 8. The deep groove ball bearing component 7 responds to 
both the load of a thrust direction and the load of a radial direction which acts on the axis of 
rotation 9 via the rotating support 8. 

[0008]The front of solvent of the axis of rotation 9 is projected from the crankcase 2a to the 
exterior via the front housing 2, and the rear end part of the axis of rotation 9 is supported by 
the cylinder block 1 pivotable via the radial bearing 13. 

[0009]The cam-plate base material 14 of sphere form is supported by the axis of rotation 9 so 
that a slide is possible, and the cam plate 15 is supported by the cam-plate base material 14 so 
that tilting to the axial direction of the axis of rotation 9 is possible. The jointing pieces 16 and 
17 are attached firmly to the cam plate 15. As shown in drawing 2 , the guide pins 18 and 19 of 
the couple are attached firmly to the jointing pieces 16 and 17. The suspension arm 8a protrudes 
on the rotating support 8. To the suspension arm 8a, the holding pin 20 is rotatable, and 
penetration support is carried out in the direction which constitutes a right angle to the axis of 
rotation 9. The guide pins 18 and 19 of the couple are inserted in the both ends of the holding 
pin 20 so that a slide is possible.The cam plate 15 is pivotable in [ so that tilting to the axial 
direction of the axis of rotation 9 is possible centering on the cam-plate base material 14 / as 
the axis of rotation 9 ] one by the cooperation with the holding pin 20 on the suspension arm 8a, 
and the guide pins 1 8 and 1 9 of a couple. The tilt of the cam plate 1 5 is guided by the slide guide 
relation between the holding pin 20 and the guide pins 18 and 19, a slide operation of the cam- 
plate base material 14, and the support action of the cam-plate base material 14. 
[0010]The maximum inclination of the cam plate 15 is regulated by the contact to the inclination 
restriction projection 8b of the rotating support 8, and the cam plate 15. The minimum inclination 
regulation ring 21 is attached firmly on the axis of rotation 9, and the minimum inclination of the 
cam plate 15 is regulated by the contact to the minimum inclination regulation ring 21 and the 
cam-plate base material 14. 

[0011]The single head piston 22 is accommodated in the cylinder bore 1a installed by the 
cylinder block 1 so that it might connect with the crankcase 2a. The shoe 23 of the couple is 
inserted in the neck 22a of the single head piston 22. The peripheral edge part of the cam plate 
15 enters among both the shoes 23, and the end face of both the shoes 23 touches both sides 
of the cam plate 15. Therefore, rotational movement of the cam plate 15 is changed into round 
trip-before and after single head piston 22 rocking via the shoe 23, and the single head piston 22 
carries out longitudinal slide movement of the inside of the cylinder bore 1a. 
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[0012]As shown in drawing 1 and drawing 3 , into the rear housing 3, section forming of the 
inhalatorium 3a and the regurgitation room 3b is carried out. On the valve plate 4, the suction 
port 4a and the discharge port 4b are formed. The suction valve portion 5a is formed on the 
valvoplasty plate 5A, and the discharge valve 5b is formed on the valvoplasty plate 5B. The 
refrigerant gas in the inhalatorium 3a pushes away the suction valve portion 5a from the suction 
port 4a by double-acting operation of the single head piston 22, and flows into the cylinder bore 
1a. The refrigerant gas which flowed into the cylinder bore 1a pushes away the discharge valve 
5b from the discharge port 4b by the forward movement of the single head piston 22, and is 
breathed out at the regurgitation room 3b. In contact with the retainer 6a on the retainer 
formation plate 6, opening regulation of the discharge valve 5b is carried out. 
[0013]The stroke of the single head piston 22 changes according to the differential pressure 
through the single head piston 22 of the pressure in the crankcase 2a, and the inlet pressure in 
the cylinder bore 1a. That is, the inclination of the cam plate 15 which influences compression 
capacity changes. The pressure in the crankcase 2a is controlled by the control valve 24 
attached to the rear housing 3. The crankcase 2a and the inhalatorium 3a are connected by the 
pressure-discharge passage 1b. 

[0014]The internal configuration of the control valve 24 is explained based on drawing 5 and 
drawing 6 . The spherical valve 26 is accommodated in the valve housing 25. The discharge- 
pressure introduction port 25a, the inlet-pressure introduction port 25b, and the control ports 
25c are established in the valve housing 25. The discharge-pressure introduction port 25a is 
open for free passage in the regurgitation room 3b via the discharge-pressure introduction 
passage 10. The inlet-pressure introduction port 25b is open for free passage to the inhalatorium 
3a via the inlet-pressure introduction passage 11, and is opening the control ports 25c for free 
passage to the crankcase 2a via the control passage 12. 

[0015]Between the spring receptacle 27 in the valve housing 25, and the valve 26, the return 
spring 28 and the valve supporting seat 29 intervene, and the valve 26 receives a spring 
operation of the return spring 28 in the direction which blockades 25 d of valve ports. 
[0016]The bellows metal fittings 31 are accommodated in the inlet-pressure detection chamber 
30 which leads to the inlet-pressure introduction port 25b. The bellows metal fittings 31 and the 
spring receptacle o2 are connected with the bellows 33, and the spring 34 intervenes between 
the bellows metal fittings 31 and the spring receptacle 32. The transmitting rod 35 is attached 
firmly to the spring receptacle 32, and the tip is in contact with the valve 26. 
[0017]On the pressure-discharge passage 1b, the pressure-discharge control valve 36 is formed 
in the lower part of the rear housing 3. Some chamber houses of the spool type valve 37 which 
constitutes the pressure-discharge control valve 36 are divided by the spool type valve 37 at 
the pressure receiving rooms 38 and 39 of the couple. The pressure receiving room 38 is open 
for free passage in the regurgitation room 3b via the pressure receiving passage 40, and is 
opening the pressure receiving room 39 for free passage to the inhalatorium 3a via the pressure- 
discharge passage 1b. The spring 41 is accommodated in the pressure receiving room 40, and 
the spring power of the spring 41 is acting on the spool type valve 37. This operation direction 
aims to counter the pressure of the pressure receiving room 38. The annular passage groove 37a 
is formed in the peripheral surface of the spool type valve 37. With displacement of the spool 
type valve 37, with the pressure-discharge passage 1b, the passage groove 37a is open for free 
passage, or intercepts. If the spool type valve 37 is arranged in the open position which opens 
the passage groove 37a and the pressure-discharge passage 1b for free passage, the crankcase 
2a and the inhalatorium 3a will be open for free passage. If the spool type valve 37 is arranged in 
the closed position which intercepts the passage groove 37a and the pressure-discharge 
passage 1b, the crankcase 2a and the inhalatorium 3a will intercept. 

[0018]The feed port (graphic display abbreviation) which introduces a refrigerant gas into the 
inhalatorium 3a, and the outlet 1c which discharges a refrigerant gas from the regurgitation room 
3b are connected in the external refrigerant circuit 42. On the external refrigerant circuit 42, the 
condenser 43, the expansion valve 44, and the evaporator 45 intervene. The expansion valve 44 
controls a refrigerant flow rate according to change of the gas pressure of the outlet side of the 
evaporator 45. 
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[0019]The bellows 33 is displaced according to change of the inlet pressure Ps introduced from 
the inlet-pressure introduction port 25b, and this displacement is told to the valve 26 via the 
transmitting rod 35. In the range which is not greatly different from below setting-out inlet- 
pressure Ps Q [ as which the inlet pressure Ps is determined with the spring power of the spring 

34 ], and setting-out inlet-pressure Ps Q widely, when the inlet pressure Ps is high (cooling load 

is large), the valve opening of the valve 26 becomes small. As shown in drawing 1 and drawing 5 , 
the spool type valve 37 of the pressure-discharge control valve 36 is arranged by the discharge 
pressure in the pressure receiving room 38 in the open position, and the refrigerant gas in the 
crankcase 2a is flowing into the inhalatorium 3a via the pressure-discharge passage 1b. 
Therefore, if the valve opening of the valve 26 becomes small, the pressure in the crankcase 2a 
will decline and a cam-plate inclination will become large. That is, discharging volume becomes 
large. On the contrary, when the inlet pressure Ps is low (cooling load is small), the valve opening 
of the valve 26 becomes large. Therefore, the pressure in the crankcase 2a rises and a cam- 
plate inclination becomes small. That is, discharging volume becomes small. 
[0020]Therefore, the inclination of the cam plate 15 is regulated between the maximum 
inclination position which contacts the inclination restriction projection 8b as shown in drawing 1 , 
and the minimum inclination position to which the cam-plate base material 14 contacts the 
minimum inclination regulation ring 21 as shown in drawing 4 . That is, discharging volume is 
controlled by this inclination within the limits of the cam plate 15. 

[0021]Curvilinear C 1 of the graph of drawing 7 shows the control characteristic expressed with 

discharge-pressure Pd and the inlet pressure Ps. The straight line D expresses Ps=Pd. That 
curvilinear approaches the straight line D is a case where outside air temperature is in the 

environmental condition of near the freezing point. In being under environment which outside air 
temperature calls near the freezing point, there is almost no cooling load, and the inlet pressure 
Ps serves as a low-pressure value which was greatly different from setting-out inlet-pressure 
Psq widely. Therefore, as shown in drawing 6 , the valve 26 of the control valve 24 maintains a 

maximum opening, and a cam-plate inclination tends toward minimum inclination. 
[0022]Even if the valve 26 is maintaining the maximum opening, in order that discharge-pressure 
Pd may not go up, there is little refrigerant-gas inflow from the regurgitation room 3b to the 
crankcase 2a. Supposing the pressure-discharge passage 1b is always open, the refrigerant gas 
of the crankcase 2a will flow out of the pressure-discharge passage 1b into the inhalatorium 3a, 
and the pressure of the crankcase 2a will decline greatly. Then, in spite of a state which does 
not almost have cooling load, a cam-plate inclination will become large too much, and discharging 
volume will become more than the capacity according to cooling load. Discharging volume's 
becoming more than the capacity according to cooling load is that heat exchange in the 
evaporator 45 is performed superfluously, and the inlet pressure Ps falls, if it pulls. Chain line 
curvilinear C 2 of drawing 7 shows the conventional control characteristic without the pressure- 
discharge control valve 36. The fall of such an inlet pressure Ps in near straight-line D brings 
about Frost of the evaporator 45. 

[0023]The pressure-discharge control valve 36 is controlling the position of the spool type valve 
37 by confrontation to the sum of the inlet pressure Ps of the pressure receiving room 39, and 
the spring power of the spring 41, and discharge-pressure Pd of the pressure receiving room 38. 
Discharge-pressure Pd of the field close to the straight line D of drawing 7 , i.e., an environmental 
condition which outside air temperature calls near the freezing point, is low pressure, and the 
differential pressure with the inlet pressure Ps is small. In the small state of such differential 
pressure (Pd-Ps), the spool type valve 37 shifts to the closed position side, and the pressure- 
discharge passage 1b is intercepted. Therefore, the refrigerant-gas outflow from the crankcase 
2a is lost. If the refrigerant-gas outflow from the crankcase 2a is lost, the pressure of the 
crankcase 2a will become high also in the state with little refrigerant-gas inflow from the 
regurgitation room 3b to the crankcase 2a. If the pressure of the crankcase 2a becomes high, a 
cam-plate inclination will not become large too much, and discharging volume will not necessarily 
become more than the capacity according to cooling load. Therefore, as for control 
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characteristic curvilinear C 1 of this example which intervened the piece 36 of pressure- 
discharge control on the pressure-discharge passage lb, the heat exchange in the evaporator 45 
which is in a higher rank and brings about the fall of the inlet pressure Ps, i.e., Frost, rather than 
chain line curvilinear C 2 in near straight-line D is controlled. 

[0024] 

[Effect of the Invention]Since it was made for this invention to operate in the direction which 
closes said pressure-discharge passage with the pressure-discharge control valve which 
intervened on the pressure-discharge passage which connects a crankcase and an inlet- 
pressure field to the fall of the differential pressure of a discharge pressure and an inlet pressure 
as explained in full detail above, Discharging volume does not become more than the capacity 
according to cooling load, and the outstanding effect that frothed generating in an evaporator 
can be prevented is done so. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a sectional side elevation of the whole compressor of the 1st embodiment that 
materialized this invention. 

[Drawing 2] It is an A-A line sectional view of drawing 1 . 
[Drawing 3] It is a B-B line sectional view of drawing 1 . 

[Drawing 4] A cam-plate inclination is a sectional side elevation in the minimum state. 
[Drawing 5] A pressure-discharge control valve is a sectional side elevation in an opened state. 
[Drawing 6] A pressure-discharge control valve is a sectional side elevation in a closed state. 
[Drawing 7] It is a graph which shows the capacity control characteristic. 
[Explanations of letters or numerals] 

1b [ — A cam plate, 22 / — A single head piston, 36 / — Pressure-discharge control valve. ] — 
A pressure-discharge passage, 2a — A crankcase, 3a — The inhalatorium, 15 used as an inlet- 
pressure field 
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DRAWINGS 



[Drawing /] 
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[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 6] 
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